Objectives: To report the results of surgical treatment of popliteal aneurysms with respect to symptoms and aneurysm size.
INTRODUCTION
Although uncommon, popliteal aneurysms have to be taken into consideration as a cause of intermittent claudication or critical ischaemia, especially in male patients with aneurysm of aorta or other arteries (1, 2, 3). It is not the danger of rupture, but of distal thromboembolism with the resulting threat to the limb that is of main concern here. Amputation rates of 20 to 36 % have been reported in cases of thrombosed popliteal aneurysms (4, 5, 6). The risk of distal thromboembolism is thought to increase with aneurysm size (7) . Early diagnosis and treatment of asymptomatic popliteal aneurysms have therefore been recommended, although the lower size limit of asymptomatic aneurysms at which to recommend surgical treatment has not been clarified (2, 3, 8, 9) .
The aim of the present study is to report the results of operative treatment of popliteal aneurysms with focus on symptoms and aneurysm size.
MATERIAL AND METHODS
Information on all operations for popliteal aneurysms performed at our unit were obtained from the vascular registry of Haukeland University Hospital and the patient records.
In the period between May 1974 and June 2000, 49 patients were subjected to operations on 57 limbs. There were 46 men and 3 women. The mean age was 69 years (range 33-88 years). Comorbidities are illustrated in table 1.
The occurrence of concurrent aneurysms at other sites is illustrated in table 2. Bilateral popliteal aneurysms were found in 21 cases. Three patients had previously suffered a major amputation of the contralateral limb because of irreversible ischaemia caused by a thrombosed popliteal aneurysm. Aortic or aortoiliac aneurysms were found in 17 patients and common femoral in four and visceral aneurysms in two. Eight patients had earlier been operated on for abdominal aortic aneurysms.
In the early years the diagnosis was based on preoperative finding of a pulsating mass in the popliteal region verified by angiography or the incidental finding of an aneurysm during surgery. Later, preoperative assessment of aneurysm size and the quality of outflow arteries was done with ultrasound and angiography. The popliteal artery was considered aneurysmatic if the diameter exceeded 50 % of the adjacent normal artery (10) . Small aneurysms with a diameter of 2 cm or less were usually not operated on unless causing symptoms.
Seventeen of the treated limbs were asymptomatic. Ischaemic symptoms were found in 34 limbs, whereof 28 had symptoms of critical ischaemia and six had intermittent claudication. Two aneurysms caused pressure symptoms only. Four aneurysms were ruptured at the time of diagnosis (Table 3 ).
The standard operative method was exclusion of the aneurysm through a medial approach followed by a saphenous vein or prosthetic bypass. The vein was either reversed or left in situ. A prosthetic conduit was used when no vein was available. In cases with ischaemic symptoms, thrombectomy of the leg arteries was attempted.
Fifty-one limbs were treated with a venous bypass, 42 with reversed vein and nine with the saphenous vein in situ. Four prosthetic bypasses were done to the distal popliteal artery and two to the proximal popliteal artery.
Follow-up was not done routinely in the early years. From 1993 graft surveillance with duplex ultrasound scanning was done one, three, six and twelve months postoperatively and yearly thereafter. In cases of graft occlusion, secondary procedures were discussed and decided on individually, based on the symptoms caused by the graft occlusion and the general condition of the patient.
Operative mortality was defined as death within 30 days. The mean follow-up time with respect to patency was 42 months (range 0-197 months). The mean follow-up time with respect to survival was 72 months (range 0-313 months).
Survival analysis was done with the product limit method and illustrated with Kaplan-Meier curves. The logrank test was used for comparison of graft patency and limb salvage between groups (SPSS 9.0 for Windows). Observed and expected survival was compared with the Mantel-Haenzel test. Chi-square test was used for comparison of preoperative symptoms and postoperative results for small ( ≤ 2 cm) and larger (> 2 cm) aneurysms. p values < 0.05 were accepted as significant.
RESULTS
The operative mortality rate was 4.1 %. One patient died of stroke and one of myocardial infarction.
The overall 5 year graft patency rate was 60 %. The 5-year graft patency rate was 83 % for asymptomatic limbs and 49 % for limbs with symptoms of ischaemia. This difference was statistically significant (p = 0.02) (Fig. 1) . The overall 5-year limb salvage rate was 76 %. The 5-year limb salvage rate was 100 % for limbs without symptoms of ischaemia and 64 % for cases with ischaemic symptoms and this difference was also significant (p < 0.05) ( Fig. 2) .
Information on the aneurysm size was available in 55 cases. The mean size was 3.5 cm (range 1.5-10 cm). Twenty-two aneurysms had a diameter of 2 cm or less, of whom eighteen caused ischaemic symptoms and 7 resulted in amputation. Thirty-three aneurysms were larger than 2 cm, of whom 17 caused ischemic symptoms and 4 ended up with a major amputation. Comparison of the two groups with regard to patency and limb salvage rates revealed a small difference which was not significant.
The 5-year survival rate 57 %, whereas the expected survival of an age and sex matched population was 73 %. This difference was statistically significant (p < 0.05).
DISCUSSION
Although popliteal aneurysms account for up to 84 % of the peripheral aneurysm (11), they are not so frequently encountered by vascular surgeons in gener- al. (12) . The scarcity of cases limits the possibility of systematic research with randomised clinical trials. Previous reports on popliteal aneurysms are mostly based on retrospective studies with a time span of decades. Only one prospective multicentre study on the subject has been published. This study presented data systematically collected by 19 vascular surgeons on surgical or conservative treatment of 137 patients with 200 popliteal aneurysms over a period of 4 years (7). The overall five-year graft patency and limb salvage rates in our study of 60 % and 76 % respectively are comparable to the results reported by other centres (12) . It has been advocated that asymptomatic popliteal aneurysms with diameters exceeding 2 cm in good-risk patients, should be treated surgically in order to prevent thrombosis and subsequent embolism with development of irreversible distal ischaemia (12) . In the present study, the results of operative treatment of asymptomatic cases with respect to limb salvage rates and graft patency rates were significantly better than in limbs with ischaemic symptoms, and thus in support of this view. There were no limb losses as a result of graft occlusions in the asymptomatic cases. These findings correspond to previous reports and support a liberal attitude towards surgical treatment (1-8, 13, 14) .
The treatment of small (< 2 cm) asymptomatic aneurysms is still a matter of controversy (3, 7). Varga and colleagues found a significantly larger diameter of aneurysms with a mural thrombus, as compared to aneurysms without thrombus (2.9 cm vs. 2.15 cm). This relation between thrombus formation and aneurysm size was the authors' argument for an expectant attitude towards small asymptomatic aneurysms. However, others have reported an unfavourable natural history of all popliteal aneurysms. Limb threatening complications in up to 57 % of limbs with asymptomatic aneurysms during a mean follow up of 18 months and 74 % after 5 years have been re-ported (3). These findings are supportive of a more aggressive policy advocating preventive surgery of all popliteal aneurysms (5, 8, 14 -16) .
There are few studies that focus on the relationship between symptoms and aneurysm size. Szilagyi et al.
(1) found that aneurysms with a diameter smaller than 2 cm were significantly less associated with symptoms of ischaemia than larger aneurysms. This material included an observation of conservatively treated asymptomatic aneurysms, the majority of which were classified as small. In our study, twentytwo of 57 aneurysms (37 %) had a diameter of 2 cm or less. Eighteen (85 %) of these caused ischaemic symptoms leading to an amputation in 7 cases. Seventeen of the 33 aneurysms larger than 2 cm caused ischaemic symptoms, resulting in amputation in four cases only. In our study, a significant association between size and ischaemic symptoms, patency or limb survival could not be demonstrated. This comparison is biased partly because of the fact that conserv- atively treated small aneurysms are not included in our study and partly because of a conservative approach towards small asymptomatic aneurysms at our institution, resulting in a higher proportion of symptomatic small aneurysms in our group of patients. However, the fact that more than one third of our series collected through a period of 26 years consists of small (< 2 cm) aneurysms implies that small aneurysms should not be regarded as harmless. The recent advances in thrombolytic therapy have been used as an argument against a liberal approach to asymptomatic popliteal aneurysms, advocating an expectant attitude until symptoms appear (18, 19) . The use of preoperative thrombolysis in limbs with symptoms of ischaemia has been shown to improve the outcome to some degree, but it has not been proven to eliminate the risk of ischaemic threat to the limb. Thrombolysis with streptokinase is found to be ineffective in those treated 10 or more days after the occurrence of the first ischaemic symptoms (18) . Another study reported of preoperative thrombolytic therapy of 18 cases with symptoms of critical ischaemia, which failed in five cases, all of whom ended up with a major amputation (7). Those results indicate that thrombolytic therapy does not solve the limb-threatening problem of symptomatic popliteal aneurysms and does not justify an expectant policy for asymptomatic aneurysms (7, [17] [18] [19] . The reason for this may be the silent embolisation resulting in gradual destruction of the subpopliteal arteries, causing symptoms only when the circulation has deteriorated irreversibly. Furthermore, thrombolytic therapy in itself is not without complications and is contraindicated in patients with severe symptoms of acute ischaemia.
The 5-year survival rate of our patients is similar to that of patients with critical ischaemia (17) . Dawson reported a similar 5-year survival rate in a retrospective study of 50 patients with popliteal aneurysms (3). In his series, the presence of multiple aneurysms was an independent risk factor for death, which in the majority of cases was caused by a myocardial infarction. We could not document any significant association between mortality and risk factors, possibly explained by the limited number of patients in our study.
We conclude, that prophylactic operations for asymptomatic popliteal aneurysms in good-risk patients can be recommended, although the lower size limit for treatment has not been clarified. The results of our study indicate that small asymptomatic popliteal aneurysms should not be ignored. The poor relative long-term survival of these patients who suffer from an asymptomatic and not life threatening condition may keep many surgeons on the conservative side.
We find that small popliteal aneurysms without signs of mural thrombus should be followed with duplex-ultrasound to detect growth and thrombus formation and doppler -pressure measurement to detect deterioration of crural arteries, supplied with angiography in selected cases. Further studies on the usefulness of anticoagulation or antipatelet therapy to minimise the damage of distal thromboembolism are needed.
